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Expression of aB-crystallin in the developing rat kidney
TORU IWAKI,' AKIK0 IWAKI,' RONALD K.H. LIEM, and JAMES E. GOLDMAN
Department of Pathology, Columbia University College of Physicians and Surgeons, New York, New York, USA
Expression of aB.crystallin in the developing rat kidney. The expres-
sion and cellular localization of aB-crystallin during rat renal develop-
ment was studied by Northern blot analysis and by immunocytochem-
istry. Northern blotting of total RNA extracted from whole kidneys
revealed that the messenger RNA for aB-crystallin rapidly increased
after birth to reach adult levels by 20 days. At the same time,
immunohistochemistry for aB-crystallin demonstrated that the promi-
nent elongation of Henle's loop during the first 10 days of life was
accompanied by increased aB-crystallin expression. Thus, the devel-
opment of aB-crystallin expression is correlated temporally with the
acquisition of tubule function in early post-natal life.
Crystallins constitute 80 to 90% of the soluble protein of the
eye lens, making them useful markers for the study of gene
expression during lens differentiation [1]. Three major crystallin
families (a-, 13- and y-crystallins) are present in all vertebrate
lenses. a-crystallin is a heterogeneous aggregate produced by
the products of two similar, highly conserved genes (aA and
aB), which are situated on different chromosomes [2]. The
aA-crystallin gene appears to be expressed specifically in the
lens [3]. However, aB-crystallin is expressed in a number of
extra-lenticular tissues including kidney [4—6]. The expression
of aB-crystallin has also been detected in kidney epithelial cell
lines, but not in fibroblasts [7]. In the adult rat kidney, aB-
crystallin is found in the pars recta of the proximal convoluted
tubules, in the thin limbs of loops of Henle, and in the inner
medullary collecting ducts [8]. The restricted distribution of this
protein within the kidney prompted us to investigate its expres-
sion during renal tubulogenesis. In the present study we have
determined at what stage and in which parts of the developing
kidney aB-crystallin is found and have discussed some plausi-
ble functions of this protein.
Methods
Animals and tissue sampling
Female Sprague-Dawley rats were purchased from Taconic
Farms (Germantown, New York, USA). The day the vaginal
plug was detected is designated embryonic day zero (E0).
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Parturition is usually E22, taken as postnatal day zero (P0). For
prenatal studies, timed-pregnant rats were sacrificed under
deep anesthesia and fetuses of El7 and E19 were quickly
removed from the uterus. For postnatal studies, litter size was
reduced to eight pups per mother to insure uniform nutrition
and animals 0, 5, 10, 20 days of age and adult (approximately
250 g body wt) were processed. Whole kidneys were dissected
and homogenized for Northern blot analysis.
Northern blotting of aB-crystallin message
Total RNA of kidneys was isolated in a solution containing
guanidine isothiocyanate, followed by overnight centrifugation
through a 5.7 M cesiumchloride cushion [9]. Twenty g of RNA
samples were electrophoresed in a 0.8% agarose-formaldehyde
gel and were transferred to Gene Screen (New England Nu-
clear, Boston, Massachusetts, USA) in 10 x SSC. An ethidium
bromide stain of the gel showed that uniform quantities of RNA
were loaded in each gel lane for the Northern blot analysis.
Hybridizations were performed using a 32P-labeled cDNA in-
sert (0.4 kb) of the RF1 clone containing the 3' end of a human
aB-crystallin cDNA prepared by random primer synthesis
(Amersham, Arlington Heights, Illinois, USA) as a probe [6].
Hybridization and washing conditions were described previ-
ously [6]. The final wash was performed with 0.1 x SSC, 0.1%
SDS at 65°C for 15 minutes. Autoradiography was carried out at
—70°C using Kodak X-AR film with an intensifying screen.
Preparation of antiserum
An antiserum against aB-crystallin was raised in a rabbit
against aB-crystallin purified from rat cardiac muscle and the
specificity was confirmed by Western blots [6, 8]. Normal lamb
serum and normal fetal bovine serum were purchased from
Gibco Lab. (Grand Island, New York, USA), and horseradish
peroxidase-conjugated anti-rabbit IgG goat antiserum from
Vector Labs (Burlingame, California, USA).
Immunohistochemical methods
E17 and E19 embryos were immersion-fixed with 4% para-
formaldehyde in 0.1 M sodium phosphate buffer, pH 7.4,
overnight at 4°C. P0 and older animals (PS, PlO, P20 and adult)
were perfused through the left ventricle with the 4% paraform-
aldehyde solution and organs were removed and postfixed
overnight. Fixed kidneys were washed with graded solutions of
sucrose (10, 15 and 20%) in 0.01 M phosphate-buffered saline,
pH 7.4 (PBS). Frozen sections were cut with a cryostat
(—20°C), mounted on gelatin-coated slides, and air-dried. The
staining was carried out by using the indirect immunoper-
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Fig. 1. Northern analysis of mRNA for aB-crystallin in RNA prepared
from kidneys at postnatal days 0, 5, 10, 20, and adult. Total cellular
RNA (20 Lg) was electrophoresed and transferred to a Gene screen.
Expression of aB-crystallin mRNA is detected at P0 and increases to
the adult level during the early postnatal days. The size markers are
from an RNA ladder (BRL) given in kb.
oxidase method [8]. After preincubation with 0.3% hydrogen
peroxide in absolute methanol for 30 minutes at room temper-
ature, sections were incubated sequentially in a diluent (10%
lamb serum/lO% fetal bovine serum in PBS) for 30 minutes;
rabbit anti-rat aB-crystallin antiserum (1:200 in a diluent) at 4°C
for 40 hours; PBS for 10 minutes; horseradish peroxidase-
labeled goat anti-rabbit IgG (1:200 in PBS) at room temperature
for two hours; PBS for 10 minutes. The sections were then
visualized with 0.03% diaminobenzidine (DAB)/0.0l% H202/S0
mM Tris-HCI, pH 7.4. The sections were dehydrated, mounted
and examined with an Olympus BH-2 photomicroscope
equipped with Nomarski optics. The location, intensity and
pattern of the staining were evaluated. Recognition of different
segments of renal tubules was facilitated by comparing adjacent
sections stained by hematoxylin-eosin. Controls using preim-
mune rabbit serum or using the affinity-purified aB-crystallin
antibody after absorption with lens a-crystallin [6] failed to
show any tissue staining in sections of fetal, young, or adult rat
kidney.
Results
The amount of aB-crystallin mRNA relative to total RNA
extracted from whole kidney was examined by Northern blot-
ting. Our human aB-crystallin cDNA probe hybridized specif-
ically with an mRNA of about 0.9kb in Northern blots (Fig. 1).
The aB-crystallin mRNA in kidney was detected at birth and
rapidly increased after birth to reach adult levels after 20 days
(Fig. 1).
The cellular localization of aB-crystallin in developing kid-
neys was determined by immunocytochemistry using a specific
antiserum. The immunocytochemistry is described below at
different stages of renal development. The positive cells dis-
played diffuse cytoplasmic staining at all developmental stages.
Embryonic stage
El 7. The renal glomeruli and tubules were recognizable in
this stage. The medulla was composed of immature mesenchy-
ma! cells and collecting tubules, which converged on the calyx,
but no loops of Henle had developed yet. No immunocyto-
chemical reaction with the aB-crystallin antiserum was recog-
nized at this stage.
E19. The renal pelvis and calyx were dilated. A focal,
positive reaction was seen in the parietal epithelium of Bow-
man's capsule (Fig. 2B). No reaction was noted in the nephro-
genic zone and developing renal tubules.
Early postnatal stage
P0. Newborn kidneys have attained a functional state by this
age. Some thin limbs of ioops, which were positive for aB-
crystallin, appeared in the medulla (Figs. 2E and F). Focal
positivity was still seen in the capsular epithelium (Fig. 2C).
The hairpin loops descending from the nephrogenic zone into
the outer medulla were negative.
P5. As rapid elongation of the renal tubules took place, the
aB-crystallin-positive thin limbs of Henle also increased and
the staining was present throughout the medulla (Fig. 2H).
PlO. The development of papilla has rapidly progressed. The
staining pattern was similar to that at P5. The inner medullary
collecting ducts have also become positive. There is focal
staining of the parietal epithelium of Bowman's capsule.
Adult stage
The cortex was negative, including the parietal epithelium of
Bowman's capsule. In the medulla, the strong immunoreaction
in the thin limbs of Henle became more prominent (Fig. 3). The
reactivity in the S3 segment of the pars recta of the proximal
tubules was also strong. The most outer portion of the outer
stripe showed a mosaic pattern of positive and negative cells in
the S3 segment of the proximal tubules.
At all developmental stages neither vascular endothelium nor
mesenchymal cells were stained.
Discussion
Formation of the kidney occurs in several distinct steps [10,
11]. Initially, nephrogenesis predominates in the kidney cortex
with the aggregation of immature mesenchymal cells induced by
adjacent ureteric bud epithelium, which gives rise to the ureter,
the renal pelvis, the calyx and the collecting tubules. The
aggregates of the mesenchymal cells transform into epithelial
comma- and S-shaped bodies, which develop into nephrons
consisting of glomeruli, proximal and distal tubules, and the
loops of Henle. Initial positive immunoreactivity for aB-crys-
tallin was seen as focal profiles in capsular epithelium in late
embryonic life. After birth, nephrogenesis declines and the
kidney medulla expands as collecting ducts and loops of Henle
lengthen. Medullary thin limbs of Henle became positive for
aB-crystallin at P0, and the positive cells of the loops rapidly
increased in number. The increase in aB-crystallin mRNA
during the early postnatal stage corresponded to the rapid
growth of the loops of Henle.
For excretion, fetuses depend almost entirely on fetal mem-
branes and placentae. After birth, newborn kidneys attain a
functional state and a marked osmotic gradient in the medulla,
rising from the corticomedullary junction to the tip of the
papilla, is generated by the countercurrent multiplier system in
the loops of Henle. Our data indicate that the expression of
aB-crystallin in the loops of Henle correlates temporally with
a
' 
' 
' 
*
1 
.
I 
_
 
-
w
'1
 
cE
-_
i'-
 
-
 
-
 
-
 
•
 
—
 
•
 
?T
t 
-
 
-
 
:-
' 
*
-
r_
,•
 
I--
 
a
 
m
 
'¼
; 
-
 
# / I
 
•
w
 .
t..
 
I 
r 
a
 
54 Iwaki et a!: oB-crystallln in developing kidney
Fig. 2. Distribution of nB-crystal/in in the developing kidney. A. Horizontal section of embryonic kidney (E19) stained by hematoxylin-eosin(HE)
x40. B and C. Focal immunoreactivity is seen in Bowman's capsular epithelium (arrows) at E19 (B), x206, and at birth (C), x209. D. Sagittal
section of P0 kidney stained by HE, x 10. E and F. Immunocytochemistry in the kidney at birth. Weak but distinct reactions are noted in the
developing thin limbs of Henle. The area shown in (F), x206, is a magnification of the central area of (E), x37. C. Sagittal section of a kidney at
P5 stained by HE, x 10. H and I. Immunocytochemistry at PS shows positive reaction in the elongated thin limbs of Henle (H, x 10; 1, x204).
the acquisition of normal physiological functions in early post- reductases. The biochemical analysis revealed that the inner
natal life, medulla contains primarily the aldose reductase while the
In a previous report, the zonal distribution of aB-crystallin in cortex contains primarily the aldehyde reductase, and that the
the adult rat kidney was noted to be similar to that of NADPH- outer medulla contains a mixture of both enzymes. Specific
dependent reductase [81. Recently, the distribution of NADPH- immunoreactive aldose reductase in the rat kidney was detected
dependent reductase activity in the rat kidney was re-examined in Henle's loop at both the inner stripe of the outer medulla and
in detail by biochemical and histochemical methods [121. The in the inner medulla and in the collecting tubules and the
kidney contains aldose reductase (EC 1.1.1.21) and aldehyde epithelial cell lining the pelvis of the inner medulla near the
reductase (with a high Km. EC 1.1.1.2) as NADPH-dependent papilla [12, 13]. Thus, the immunohistochemical distribution of
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Fig. 3. Cellular distribution of aB-crystallin in the adult rat kidney. A. Low magnification of a horizontal section of the adult kidney probed with
anti-aB-crystallin antiserum, x 10. B. Pars recta in the outer stripe of the medulla contains a mosaic of positive and negative cells. Thick ascending
limbs of Henle and collecting tubules are negative. C. Only the thin descending limbs of Henle are positive in the inner stripe of the outermedulla.
D. Both thin descending and ascending limbs of Henle are strongly positive in the proximal portion of the inner medulla. E and F. From the middle
1/3 of the inner medulla (E) toward the papilla (F) the reaction in the collecting ducts becomes stronger. Strong reactions of thin limbs are easily
differentiated from the weaker reactions of collecting ducts (E) (B—F, x206).
aB-crystallin in the rat kidney appears to be similar, but not
identical, to that of aldose reductase. It is interesting to note
that several other crystallin species (taxon-specific crystallins)
have recently been found to be enzymes or to be related to
enzymes of common metabolic pathways (14—16]. Rho-crystal-
un, a major protein of frog lens, shows about 50% protein
sequence identity with human aldehyde reductase and rat lens
aldose reductase, NADPH-dependent oxidoreductases [17].
However, there is no significant homology between aldose
reductase and aB-crystallin. Furthermore, the size of rabbit
kidney aldose reductase niRNA, the deduced protein sequence
of which has 89% homology with the partial sequence deduced
from an incomplete rat lens aldose reductase cDNA clone [17],
has been reported to be 1.5 to 1.6 kb [18]. We saw no band in
that region on Northern blots, and can rule out cross-hybrid-
ization with aldose reductase mRNA.
Although aB-crystallin is found outside of the lens, its
functions in nonlens cells are unknown. In some tissues, such
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56 Iwaki et al: aB-crvstallin in developing kidney
as muscle and kidney, aB-crystallin mRNA and protein are
expressed constitutively in high amounts [4, 6, 8]. In other
tissues, such as the central nervous system, the protein is
normally expressed in small amounts, but can increase in
pathological conditions [6, 19]. Thus, it may have several
functions, constitutive in some cells and reactive in others.
aB-crystallin shares several amino acid sequences with small
heat shock proteins [20, 21], suggesting it may help provide
tolerance to stress, by analogy with possible protective func-
tions of the small heat shock protein after thermal stress [21,
221.
In summary, immunocytochemical localization of aB-crys-
tallin in normal, developing renal tissue was described and
compared to renal tubulogenesis. It is noteworthy that the
distribution of aB-crystallin in the renal tubular system coin-
cides with the appearance of the medullary osmotic gradient in
renal development and is similar to that of aldose reductase,
whose expression is regulated osmotic stress in the renal
medullary cells [18, 23]. The physiological role of aB-crystallin
in kidney is unknown. However, the observations reported here
suggest that aB-crystallin might be necessary for the renal
tubules, particularly the loops of Henle, to attain their func-
tional states. An experimental analysis of the influences of
osmolar changes on the expression of aB-crystallin would be an
attractive approach to investigate the function of this protein in
kidney.
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